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By Esmnerf; T. Jansen and John E. McAulay 

An investigation has been  conducted in the NACA Lewis altitude 
wind tunnel  to-  determine  the  performance  of  the PPython turbine- 
propeller engine. Compressor-performance data were obtained  for a 
range  of.  simulated,  altitudes at a single cowl-inlet ram preseure 
ratio  while  the  engine was rmn over ita f21ll operable range of engine 
speeds. At each  engine  speed,  data were obtained  over a range of 
compressor pressure ratios  by  exbractlng  various amounts of power 
from the  turbine. 

O v e r  the r a g e  of conditions  investigated at each  altitude, 
the  variation in compressor  efficiency was small, which allowed the 
compressor a wide  range  of  operation  close to opt-  efficiency. 
At  canstant  corrected  engine  speed and turbine-inlet temperature, 
ocunpressor  efficienoy  decreased  approximately 0.04 for an increase 
in altitude fram 10,000 to 40,000 feet. m e  maximum compressor 
efficiency  obtained was 0.804 and  occurred at an altitude  of 
10,000 feet, a corrected  air flow of 42.8 pounds per second,  and 
a compressor  pressure  ratio of 3.8, which  corresponds  to a correctea 
engine speed of 7000 rpm and a turbine-oupet temperature of l264O R. 

The velocity  profile  at  the compre8sor outlet WBB in general 
unaffected by changes Fn altitude,  'curbhe-inlet  temperature, or  
engine  speed. 

An investigation  to detemFne the static asd  dynamio-perform- 
ance  characteristics at altitude  of a Pybhon turbine-propeller .. 
englne has been  conducted Fn the  NACA Lewis altitude wind tunnel. 
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As part of this  investigation,  performance  data  for  the  compressor 
operating 8s an integral  component of the  engine  were  obtained  over 
a range of altitudes  and  engine  speeds  at a single  cowl-inlet  ram 
pressure  ratioj  at  each  engine  .speed,  data  were  obtained  over a range 
of compressor  pressure ratios by extracting  various mounts of power 
from the  turbine. 2 
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The  performance of the  14-stage axial-flow compressor  is  pre- 
sented  graphically . t o  shor the  .effects of bariationi  in  compressor 
pressure  ratio  and  in  engine  speed and .to..show .+ general- trend  with 
altitude.  Compressor  performance  deteriw+ti?n  caused by oil  and 
dust accmlation on the  compressor blades is discussed. A compl.ete. 
tabulation of the  compressor  performance  data  is  also  presented. 
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APPARATUS AM) PROCEDURE 

Engine 

The Python turbine-propeller  production engine has a static  ea- 
level nominal rating of 3670 shaf t  horsepower and 1150 pounds of jet 
thrust at an engine  speed o f  8000 mrn and a turbine-outlet  temperature 
of 590° C (1554O R) . The  maximum  diameter of the  engine  is 

. 

1 5% inches and the  net dxy weight is 3150 pounds, The main components 
of the engine Include  propeller-reduction  geasing, a 14-stage axial- 
flow compressor9 .ILL combustars spaced around-the  compressor casing, a 
two-stage turbine, a tail pipe, and a fixed-%ea - exhaust .. .. nozzle. . ". 
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Compressor 

The  compressor has an air-flow  capactiy of approximately 
54.2 pounds per second and 8 pressure ratio of 5.1 when the engine 
is operating  at  rated sea-level static  conditions. 

A i r  enters  the  engine through an inlet  duct,which forms an 
annulus around the outer  diameter of t-he-gngine (fig. 1) and is 
located  approximately 60 inches  aft of the rear  propeller. A screen" 
installed  in  this annulus prevsnts  foreign  objects from entering 
the  compressor. From the inlet  annulue,  the  air-flow passage is 
divided into 11 convergent  throats  and  is . . " turned .. . .. inward . " 
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leO0 to the  entry amulus of  the  campressor.  The  air  passes  forward 

outward 90° with  the  aid  of  guide  vanes;  the  annulue.is  then  divlded 
into ll combustion-chamber-inlet elbows, where  the  air  is  turned  rear- 
ward 90' with  the  aid  of  guide vanes and gasses into  the  combustion 

II through  the  compressor  into  the  diffuser  annulus,  where  it  is  turned 

% 
0 cu chambers. 

To assist  in  starting  and  accelerating  to an operable  engine 
speed, air is bled from the  compressor  outlet to the  atmosphere 
through a blow-off valve. During normal operation  this  blow-off 
valve  remains  closed.  Air is  bled  from  the  fifth  stage of the com- 
pressor-to  cool  the  rear  bearing  and  the  rear  face  of  the  turbine. 
Air  is  bled from the  tenth  stage to cool the front face of the  turbine. 
Air  leakage  through  labyrinth  seals  at  the  compressor  outlet is piped 
back  into  the  tail pipe. 

1 

Photographs  of the compressor  rotor  and  stator are  presented in 
figures 2 and 3, respectively.  The  rotor  blades of the  first  five 
stages  are  fastened  on a unifody tapered  hub,  whereas  those of the 
final  nine  stages  are  fastened on a constant-diameter  hub.  The  rotor- 
tip diameter  is 20.35 inches  through  the  first  five  stages and tapers 
to 17.75 inches  at  the  fourteenth stage. The  hub-tip  ratios of the 
first,  fifth,  and  fourteenth  stages are about 0.61, 0.74, and 0.85, 
respectively. 

Installation  and  Instrumentation 

The engine was mounted in a wing section  that  spanned  the 
20-foot-diameter  test  section of the altitude  wind  tunnel'(fig. 4) .  
Refrigerated  air was supplied  to  the  engine  from  the  tunnel  air 
stream . 

Pressures and temperatures  were  measured  by  instrumentation 
installed  at  several  stations  throughout  the  engine  (fig. 1). Detail 
sketches  sharing t he  locations  of  instrumentation  at  stations 1, 2, 3, 
and 5 are presented in figures 5 ,  6, 7, and 8, respectively.  Compressor- . 
stage  static-pressure wall orifices  were  located  in  the  planes of the 
leading  edges  of  the  rotor  stages  throughout  the  compressor. 
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Procedure - .. . 

Performance data  were obtained a t  a n  average cowl-inlet ram pres- 
mare ratio. of 1.03 at  pressure al t l tudes of 10,000, 20,000, 30,000 and 
40,000 feet. w i n e  speed was var led f r ~  6800 t o  8000 rpm; a t  each 
engine speed, data were obtained-over a range of' compressor pressure 
ra t io ,  which was changed by varying turblne-inle;t;  temperature. The ' a "  

minimum engine flight i d l i n g  sped  a p p r w m t e l y  6500 rpm and was 
regulated by the engine  control mechanism,which vas preset at  sea-level 
conditions. As al-bitude w e  increased t o  40,000 feet,the minimum 
operable engine speed increased t o  approximately 7200 rpm. A parer 
check run was &e each b y  at  a preeeure a i t i tude  of 10,000 feet ,  
cml- in le t  ram pressure ratio of 1.03, engine speed of 8000 rpm, and 
englne-inlet  temperature 0 f . 5 9 ~  F f o r  four ty.r@ine t+mperatures. 
Pmcedingthe power check run each day, kerogene was spra@d' i n t o  
the cmpreesor  inlet for 30 minutes while the engine was opesatlng 
a t  idle speed in an attempt t o  clean the ompressor-blade  surfaces. 

co 

. .  . ,.- 

For a l l  flight conditions except  those of the pmer check m a ,  
refrigerated a i r  was supplied t o  the engine a t  the shndetrd RAGA 
temperature f o r  each flight condftion  except that the minlmum air 
temperature was about -250 F. 

The symbols and the methods of calculation are given in  the 
appendix . 

RESULTS APTD DISCUSSION. 

The air-flow pasflage through the engine m.kea two 180° turns, 
one ahead. and the other aft of the comweseor rotor. The engine 
manufaotwer furnished information that the energy loss  caused by 
the turn ah& ,of the  ompressor  rotor is 18 percent of the 
campresear-Wet  velocity head (statlan 1) an8 that the energy 
loss result ing fYom the tun aft of the ampressor is 34 percent 
of the campressor-outlet  velocity head (station 2). Because of 
s t ructural  limitations of the engine, the canpressor-inlet and 
campressor-outlet  stations (statione 1 and 2)  had t o  be BO located 
a s  t o  include these energy losses in t h e . p r e s w e  and temperature 
measwements. The inclusion of these losses- in the ccanpressor 
p e r f m n c e  resulted in a reductLon in compressor efficiency of 
less 0.01 for all conditions  investigated. 

4 
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Deterioration of Compressor Performance 

O i l  leakage from the  accessory  gear box  could enter the com- 
pressor inlet and provide a sticky surface on the  cmpressor blades 
and turning vanes, which permitted an accumulation  of  foreign 
particles from the  tunnel air  stresm on these surfaces. The use 
of kerosene sprayed into  the  ccanpressor-inlet as a cleaning solution 
a t  the moat retarded but did not eliminate the accumulation of foreign 
par t ic les  on the compressor surfaces. This accumulation of foreign 
particles resulted in a progressive decrease in canpressor  performance 
with increasfng engine operational time. The decrease In ompressor 
performance is shown in   f igure 9 for  an engine  operational time 
interval In the a l t i tude  wind tunnel of  approxinaately 32 hours. A t  
each a l t i tude  and enghe speed as engine operation time increased, 
air flow and capreesor  pressure r a t i o  decreased for a given turblne- 
i n l e t  temperature. The reduction in air flow required a decrease in 
engine f u e l  f h  in order that the cans”& turbine-inlet tamperatme 
could be maintained. For this’ deterioration,  homver,  the value of 
cmpressor  efficiency remained unchanged. In order f o r  the efficiency 
t o  remain constant, the actual work per pound of air of the ccaspressor 
mst decrease bg the same ratio that the  ideal work per  pound of air 
decreases. An explanation of this chay.acteristic ts that in one or 
several of the leading stages of . the  ccxr~gressor, the  efficiency may 
decrease fn such a m e r  a8 t o  improve the existing  conditions of 
the air flow a t  sme of the latter stages, w i t h  the  over-all   result  
that the  compressor efficiency remained approximately  constant. The 
loss in air  flow and conpressor pressure r a t i o  with increasing engine 
operational time cauered substantial  reductions in shaft horsepower at 
a given  turbine-Inlet  temperature. 

The deterioration effect was determined only f o r  the rated 
engine speed at the four altitudes Lnvestigated and the infornaation 
is insufficient t o  permit  ad3ustirq3 the data f o r  a l l  engine speeds. 
Because of t h i s  deterioration,  quantitatiye  evaluation of variations 
in performance manot  be made for various alt i tudes.  For any given 
altitude  except 10,000 feet, however, the  performance data were 
obtained over an engine operational time interval of 32 hours o r  1 

less. Performance data f o r  the rated engine speed a t  an a l t i tude  
of 10,OOO feet were obtained 10 hours earlier than the p e r f o m c e  
data f o r  the  other engine speeds st th i s  a l t i tude.  The maximum 
.champ in compressor character is t ics   for  the time interval of 
3- hours is a l-percent  decrease i n  corrected air flow and i n  com- 1 

2 . pressor pressure r a t i o  while the  compressor efficiency rewined 



6 mcA m E5CE4 

approximately  conatant.  Qnantitative  evaluation of variatirms In 
performance can therefore be Individually made f o r  each al t i tude.  

" 

Y 

Q1 

Compreseor Perf ormazlce 0 In . " 
cu 

Canpressor efficiency. - Compressor e f f i c iqmy   i e  presented i n  
figure 1Q as a function of corrected  turbine-inlet  temperature for " 

the four altitudes investigated. The turbine-iniet  tmiperature  ie 
used as the independent variable because a t  constant engine speed 
with a choked turbine,nozzle the temperature is proportional  to the 
square of the  compressor-outlet  total pressure and thus  provides a 
conne<;tlng 1Mr f o r  the compressor pem?om&ce Wi-th engine and turbine 
perfomnance. In general,  the chmge in c&npresk-& efficiency was 
re lat ively emall over the range of canditians  Investigated a t  each 
al t i tude,  which allows the  cmgressor a wide range of operation near 
optimum efficiency. For all alt i tude8 and flight qanditiana  Fnvesti- 
gated,  the  cmpressor.efficiency  variation WBE only from 0.804 
t o  0.695. The maxlmum compressor efficiency of 0 A04 was obtained at 
an a l t i tude  of  10,o~O feet ,  a corrected air  flaw of 42.8.pounde per 
eecond, 'and a compressor pressure r a t i o  of 3.8, which uorresponds t o  
a corrected  engine speed ,of 7000 rpm and a- turblne-outlet  tamperatme 
of 1264O R. A t  each altitude,  the  decrease in compressor efficiency 
that accmpanied a chssge from minimum to maximum engine speed a t  
constant  corrected  turbine-inlet temperature varied between 0.03 and 
0.06; a t  any given engine speed the trend waa fo r  871 eff ic iency  r ise  
of frm.O.0l t o  O.'M eta turbine-inlet  temperature was varied f r a m  
minimum t o   t h e  maxfmwn allowable value. - ' 
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The data in figure 10 are cross-plotted  in figure 11 t o   i l l u s -  
t ra te   the   e f fec t  of a l t i tude on oarpressor efficiency a t  conatant 
corrected engine speed and turbine-Wet  temperature. A t  constant 
values of corrected engine speed and turbine-inlet  tanperirture, 
ccmpressor efficiency  decreased a maximum of only 0.04 f o r  an 
altitude  increase from 10,ooO t o  40,000 feet .  Becauae compressor 
perfamnance de$erioration  did  not affect ccanpreesor efficiency, 
the loss Fn efficiency w i t h  increasing  altitude may be largely 
a t t r i b u t e d  t o  the Reynolds number effect  on the  ompressor 
performance . 

Compressor performance maps. - Compressor performance maps 
with contows of-constant compressor efficiency and l ines  of constant 
cmec tad   t u rb ine -b le t  tempe&tme  superixposed are preeentd in 
ffgure 1 2  for   a l t i tudes  of 10,000, 20,000, 30,000, and 40,000 feet .  
If the corrected  turbine-inlet  tanpemture is decreased a t  can8tan.t; 
corrected engine speed, the cmec ted  air flaw incseasee, with  the 
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Increase in air flow being  greater at  lm engine speed$. A decrease 
in correcixd  engine speed at constant corrected turbine-inlet tam- 
pesature resu l t s  in decreases in corrected air flow and in compressor 
pressure  ratio. Because the  a l t i tude  effect  and cmpressor  deterio- 
ra t ion  effect   are  inseparable, it is not  possible to   accura te ly  
evaluate t h e  shift  Fn lines of oonsta,nt corrected engine speed and 
contours of constant  canpressor  efficiency with changes in  altitude. 
At oanstant  corrected engine speed and turbine-inlet temperature the - 
general trend of the canpressor performance w i t h  increase in a l t i tude  
is a decrease in air flow and in compressor pressure  ratio. 

Velocity and Static-Pressure  Profiles 

The velocity  profiles at the campressor out le t  m e  shown fn 
f i g w e  13. Figure 13 (a)  represents the campressar-outlet  velooity 
profile f o r  a shgle  engine and flight conditian.  Individual rad ia l  
pressure measuremnta for  rues equally spaced circumf'erentiallg A.am 
a radlal center line through the compressor-outlet passage have  been 
averaged.  Figures l3(b) t o  L 3 ( d )  represent the velocity  profiles a t  
the cmpres8or  outlet  for  various operatin@; conditions. In every case 
the velocity is lower a t  the Fnner wal1,which may be cawed by the 
elbow precedbg this station. The data indicated no general effect  
on the velocity  prof-ile with mriatims In altitude,  corrected turbine- 
inlet temperature, or  corrected engine speed. 

The rotor-stage static-pressure ra t io s  for ranges of al t i tude,  
corrected turbine-inlet temperature, Etna corrected anglne speed are 
presented in  figure 14 . 

A complete tabulation of ccanpressor performance data is pre- 
sented in  table I and cmpressor performance deterioration data in 
tab le  IS. 

OF XESULTS 

Etrom an hvesti@i.sn of a Python turblne-propeller  engine in 
the NACA Lswis a l t i tude  w i n d  tunnel  over a range of slmulated a l t i tudes  
and a t  a cowl-inlet r a n  pressure ratio of 1.03, the following resu l t s  
relating t o  the ompressor were obtained: 

1. The -ration in cmpeseor  efficiency was mall fo r  a l l  
operating  conditions  investigated a t  each altitude,  thereby permitting 
the canpressor a wide-range of  operation  close t o  optimum efficiency., 
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2. Increasing  altitude fsam 10,000 to 40,000 feet at a given 
corrected engine speed decreased  canpressor  efficiency approximately 
0.04 for all corrected  turbine-inlet  temperatures.  This loss in cam- 
pressor  efficiency  with  increasing;  altitude may be Largely attributed 
to the Reynolds number  effect on the ccanpreeaor performance. Ei 

CD 

3. The maxjmum capreasor efficiency of 0.804 wa8 obtzhed at an 
altitude of 10,000 feet, a oorrected air flow of 42.8 pounds per 
second, and a canpressor  pressure  ratio of 3.8, which  corresponds t o  
a correctod engine sped of 7000 rpm and a turbine-outlet  temperature 
of 1264O R. 

4. In general,  the  velocity.profiles at the cmpreasas outlet 
were unaffected by changes In altitude, turbine-inlet  temperature, 
and engine- spped. 

bw3s Flight  Propulsion Laboratory, 

Cleveland, Ohio. 
National Advisory  Committee for Aerbnautics, 
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APPrnX - CALCZILIITLO~TS 

Symbols 

The follawlng symbols we used i n  the calculations: 

' a  

wf 

. .  

area, sq ft 

stagnation  speed  of sound i n  air, ft/sec , 

speclfic  heat a t  constant  pressure,  Stu/(lb)(OR) 

thermal q a n s i o n   r a t i o ,   r a t i o  of  hot  exhaust-nozzle 
area t o  cold  exhaust-nozzle =ea 

compressor rotor-blad.e  tip-diameter, ft 

gear h'orsepower . 

acceleration due t o  gravity, 32.2 f t /sec 2 '  

enthalpy,  Btu/lb 

Mach mer 

e&ne -speed, r p m  

total pressure,  lb/sq ft absolute 

s t a t i c  pressure, lb/sq f t  absolute 

gas con&&t, 53.4 ft- lb/(lb) (OR) 

shaft. horsepower 

t o t a l  temperature, OR 

indicated  temperature, OR 

static temperature, OR 

campressor r o t o r   t i p  speed, f t /sec 

velocity, ft/sec 

-air flow, 113/sec 

fuel flow, lb/hr 

9 
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wg gas flow, lb/sec 

wC 

w t  turbine  cooling eZr flow, lb/sec 

r ratio of specffic  heats . 

compressor leakage sir flow, lb/sec 

rear bearing cooling air flow, lb/sec 'rb 

81 ra t io   of-absolute  total pressure a% cowl inlet  t o  
absolute  atatic  pressure  at  NACA standard  atmospheric 
sea-level  conditions 

r a t i o  of absolute t o t a l  temperature at cowl inlet to 
absolute  static  temperature at NACA standard atmos- 
pheric sea-level conditions 

q C  adiabatic compressor effFciency 

Subscripts: 

C compressor 

t turbine 

0 free-stream  conditions 

1 cowl o r  compressor i n l e t  

l a  compressor rotor stages 

2 compressor out le t  

3 turbine i n l e t  

4 turbine  outlet 

5 tail pipe 

Generalizing  parameters: 

N / f i  corrected engine speed, r p m  
. .  . . .. 

*3/% correated turbine-inlet t o t a l  temperature, . .  % 

Wa, lfi/G1corrected  engine-inlet air flow, lb/sec 
.. . . . I . . . .- 

. 
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Methods of Calculatian 

Temperatures. - Sta t i c  temperatures were determined from M i -  
mted temperatures with the following relation: 

Ti 

Y 
1 + 0.851@ - I1 

L 

11 

where 0,85 is the impact recovery  factor for the type of thermocouple 
U s e d  0 

Temperature measurements were obtained by meane of thermocouple8 
at all, s ta t ions  except the turbine in le t ,  station 3. The high tem- 
perature level and di f f icu l ty  of installing instrumentation a t  this 
stat ion would not permit the measurement of temperature with themo- 
couples. The tu rb ine-b le t  total temperature was therefore evaluated 
in the follawlng manner: The work of the turbine is equal to the work 
of the com.pressor plus the work available for the propeller slang with 
the gear losses. In t e r n  of t o t a l  enthalpy the relat ion is 

where 

The shaft horsepower was obtained f r o o n  a torquemeter  reading. The 
gear horsepower was obtained frm a curv-e supplied by the engine 
manufacturer sharing gear horsepower as a f'unction of shaft 
horsepower. 

Gas flow. - Gas flar through the tail pipe of the enghe  may be 
cleterdned usin@; pressure and tmerature measurements at station 5 
by the equation 
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where (+ is ths comeution for thermal  expansion of the  exhmst 
nozzle. The turbine gae flow is  

. 

where camp3'ee~m  leakage and all cooling air flow were dete-ed 
f'ran preseure and temperature measurements. This calculation of gets 
flar gave valueer having the  correct magnitude but  the  scatter was 
excessive to the di f f icu l ty  In measur-. €he amall dynamic 
pressures . . 

Because $he t u r b h e  nozzle was W e d  for   the range of o m d i t i w  
investigated allowing the assumption t o  be made that the  turbine- 
nozzle vena cmtraota area is constant, the follow- equation mer 
used t o  obtain the final oalculated gas flow: 

i n  which +he average turbine-nozzle vena oontracta area was oalculated 
frm equatim (4) using t he  tai l-pipe (statim 5) gas flows and 
turbine-inlet   total  temperature based cm tail-pipe gae flow. Using 
t h i s  average effeotive turbine-throat m a  and tiwbine-inlet tmpera- 
ture, the turbine gas flow was determined f3.m equation (4) With 
this   turbine gas flow, a recalculaticm was mde for tu rb ine-Wet  
tempmature,whioh showed a neglligible change b the .recalcuhted 
temperature from the orig-1 calculsted  temperature. The e m m  in 
turbine gas flow is the square root of the   ra t io  of the two tempera- * 

tures  and therefore can be neglected . 

I _._ 
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Air f lz, - wine-inlet air flow is 
Wf w, + wt - - 
3600 

which  is  the air flow used  throughout 
* 

this  report 

Campressor  effioiency. - Adiabatio  compressor  efficiency was 
calculated  using the following equation: , 

qc = 

(2) - 1 
r-1 

p1 

where y is based an the average tempemture of the air in the 
canpressor. 

Compressor Mach number. - The conpressor  Mach  number is def bed 
as  the  ratio of the tip speed of the  conpressor  first-stage  rotor 
blade  to  the speed of sound in air at the t o t a l  tempemture of the 
engine W e t  air. The equation used is 

Compressor-outlet  velocitg. - The  ccrmgressor-outlet  velocity 
was determined  by €he equation 

' v, = 

where  individual t o t a l  pressures and average static  pressures an8 
total  temperatures  were used. 
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( a )  Schematio diagramjviered from upstream. 

Figure 5 ,  - Instrumentation a t  engine inlet ,   s tat ion 1, 
8 inches behind t i p  of cowling. 

27 
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Thermocouple 

- Total-pre 
tube 

s’sur e 

Air flow 

(b) Typical detail sketch of total-pressure tubes, static-pressure 
wall o r i f i c e s ,  and thermocouples. 

Figure 5. - Continued. Instrumentation at engine inlet, station 1, 
/ 8 inches behind tip of cowling. 
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( c )  Typical  detail  sketch of static-pressure  tubes and wall 
o r i f   i c e s .  

Figure 5 .  - Concluded. Instrumentation a t  engine in le t ,   s ta t ion  1, 
8 inches  behind t i p  of cowling. 
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0 Total-preasure tube 
0 Static-pressure wall 

x Thermououple 
orifioe 

Combustor 1 - - t 

\ / 

Integrating  tot 
preseure tube 

(a) Schematic diagram; viewed from upstream. 

Figure 6. - Instrumentation at compressor outlet, Station 2, 

% inches  upstream of burner-inlet flange. 1 
. .  . .  - .. . . . . . " . 
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(b) Typloal detail sketch of total-pressure tubes, static-pressure rdl 
orifices, and thermomuplee. 

Figure 6. - Concluded. Inatrumentation at aampresaor-outlet, statlon 2, 
3.g inchea upstream from burner-inlet flange. 1 

w 
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Integrating  total-pressure  tube- .. . o Total-pressure  tube 

I 

Figure 7 .  - Location of instrumentation at  turbine  inlet,  
s tat ion 3, 3 inches upstream o f  turbine  flange. Viewed 
f r o m  upstream. 
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0 Total-pressure tube 
0 Static-pressure tube or 

w a l l  OrFfice 
X Thennocouple 
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0 
rl 
U z 

(a) Altltude. 10,OOO fee t .  

6.0 

6.6 

6.0 

4.6 

6 
. O  

0 
rl 

rl 

'2 
c .76 

Fd 

-70 

0 
. ."  

(b) Altltude, r0,OOo feet. 
. . - .. 

" 

( 0 )  Altitude, 30,000 feet .  
~ " . 

.. . 

* .  

. " ." "_ 

(a )  Altitude, 40,000 f ee t .  

tunnel.  Cowl-inlet ram pressure, 1.Oa. 
Figure 9 . - Variation of oomgressor pertoriaanoe rlth engine  operational tlme i n  altltude rind 
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.QO 
.. 

.80 

.70 
(a) Altitude, 10,000 feet .  

"- 
(a)  Altitude, 30,000 feet .  

(d)  Altitude, 40,000 feet .  

Figure 10. - Variation of oompressor erfiolencg  with aorreated turbine-Wet 
temperature. Cowl-inlet ram pressure ratio,  1.03. 
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80 

.70 

F 
0 - 
6 
rl 
9 .60 
2 (a) Corrected turbine-inlet  total temperature, Tg/Bl ,  2000° R e '  

8 
V) a 8 0  
OD 

k 
Q) 

8 
V 

70 
8500 

60 I 
0 10 20 30 40 X 103 

Altitude, f t  

( b )  Corrected turbine-inlet  total temperature, T3/e1, 1800° R. 

Figure 11. - Variation o f  compressor efficiency  with  altitude. ' 
Cowl-inlet ram pressure ratio,  1.03. 



6.0 

5.5 

5.0 

4.5 

4.0 

3. 5 

3.0 
4 

Corrected  engine compressor Average eng'ine run- 
speed, N/& Mach number ning  time i n  a l t i -  

(rpm 1 tude wind tunnel 
(hr 

0 8297 
n 8054 
0 7868 
A 7630 
V 7423 
A 7006 

0.660 
642 . 626 . 608 
. 558 591 

-3.2 
13.1 
13.9 
14.6 
14.8 
17.6 

Correctea  turbine-  

t 45 50 55 - 60 
Corrected air f low,  Wa,l d01/81, Ib/aec 

( a )  Al t i tude ,  10,000 feet .  
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Comeoted engine 
speed, N / q q  

(rm 1 
0 8548 
U 8 339 
0 8109 
A 7990 
V 7687 
A 7272 

(hr 1 
0.681 19.6 
.663 20.2 
-645 20.9 . 631 21.5 
.612  22.0 
.579 22.5 

( b )  A l t i t u d e ,  20,000 feet. 

Figure  12. - Continued. Compreaaor performance map. Cowl-inlet 
ram pressure ratio,,1.03. 
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3. E 

3.0 

(rm 1 
0 8729 
D 8507 
0 8265 
A 8073 
V 7862 
A 7401 

I 45 . 

0.695 . 677 

.643 

. 689 

s658 

626 

(hr 
26.2 
26.7 
27.1 
27.6 
28.0 
28.5 

55 60 
Corrected a i r  flow, Wa,l fl/€i1, lb/seo 

I .  

(c) Altitude, 30,000 feet. 

Figure 12. - Continued. Compressor perfomanae map. Corl- 
inlet ram.pressure ratlo,  1.03. 
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r 1 

0 867 5 0,690 
8616 .678 

0 8269 .658 
A .  8 021 .638 

31.6 
30.4 
32.0 
32.8 

Corrected air f low,  W a , l f i / 8 $ ,  lb/eec 

( d )  Altitude, 40,000 feet. 

FIg-lre 12. - Concluded. Compressor performanoe map. Coal- 
inlet  ram pressure ratio, 1.03. 
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rl 
al 
P (a)-Typical  velocity  profile  at compressor outlet.  Altitude 

10,000 feet; corrected engine speed, N / r % ,  8056 rpn; 
corrected  turbine-inlet total temperature, T3/e1, 1936O R. 

0 

Note: Points 
are average of 
rakes 4, 6, 7 

4 
Distance from inner wall, in. 

( b )  Effect of altitude. Corrected engine speed, N/&, 
8282 rpn; oorrected  turbine-inlet total  temperature 
T3/%, 2035' R e  

Figure 13. - Velooitg  profiles  at oompressor-outlet. Cowl- 
inlet ram pressure ratio, 1.03. 
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400 

300 

200 

200 

100 

( 0 )  Effect of turbine-inlet temperature. Corrected engine 
apeed, N / n ,  8043 rpn; altitude, 10,000 f ee t .  

0 2 
Distance f r o m  Inner wall, in. 

4 

( d )  Effect of corrected  engine apeed. Altitude, 10,000 feet ;  
corrected turbine-Inlet  temperature, T 3 / 0 l ,  1916' R. 

Figure 13. - Concluded. Velocity profiles at compressor outlet.  
Cowl-Wet ram preaaure ratio,  1.03. 
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(b) Effect of correcteU turbine-inlet temperature. Altitude, 10,000 feet.  
Corrected engine speed. H / G ,  8062 rgm. 
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